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EDITORIAL. 


The New Lighting Regulations. 


To illuminating engineers the lighting conditions during the last year 
have been full of interest, and, properly studied, will supply much valuable 
information for future reference. 

At the first meeting of the Illuminating Engineering Society last 
December it was pointed out that many of the changes are in the direction 
advocated by illuminating engineers on the simple grounds of economy 
and efficiency. The stimulus given to concealed lighting for shop-windows 
will certainly result in this proper method of illumination being more widely 
adopted after the war. Similarly, experience of the special shading of 
street lamps will probably induce the public and municipal authorities to 
appreciate the value of more subdued and evenly distributed street 
lighting in the future; and at the same time their experience of the 
inconvenience, not to say danger, of travelling in the streets with the 
present diminished illumination should bring home the folly of undue 
economy in this respect. 

The enormous contrasts produced by illuminating parts of a.street with 
needless brilliancy and leaving other regions in comparative darkness 
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have long been recognised as a drawback to modern street lighting. 
Inventors have, therefore, been busy with the problem of designing special 
lanterns which will both diminish glare and spread the light more evenly 
between the lamps. At the meeting of the Illuminating Engineering 
Society last December we ventured to point out that the very “ patchy ”’ 
illumination produced by the method of shading then adopted was most 
undesirable in main thoroughfares carrying heavy traffic; and that the 
transition from brightness to dense darkness was bound to be bewildering 
alike to drivers and pedestrians. 

In the new lighting. order.of September 28th, we observe evidence of 
a desire for more uniform illumination. “‘ Public lights . . . must be 
so extinguished, reduced, shaded or obscured as to break up all conspicuous 
groups and rows of lights and to produce as nearly as possible a uniform 
distribution of street lighting.” 

In order to achieve this result, without making too radical 
alterations in the structure of existing lanterns, it is proposed after 
blackening the upper part of the glass to frost or partly obscure the 
lower portions of lanterns, thus providing a light-scattering instead of a 
transparent surface. This will evidently have the effect of smoothing out 
the extreme irregularities arising from the system of shading hitherto 
adopted. It is expected that this. change (together with the increased 
stringency as regards lighting of shop-fronts, &c.) will enable a considerable 
proportion of the public lamps to be lighted, and provision for turning on 
more lamps in a fog to be also made. 

Illuminating engineers might be able to suggest more perfect methods 
of arriving at the desired results, but it will be conceded that the changes 
are at least in the right direction. It may, however, be justly said that 
such steps might quite well have been taken at the beginning of the war, 
and fuller use made of the services of those accustomed to study street- 
lighting problems. 

Speaking generally, it cannot be said that the rule of thumb methods 
—the plan of learning purely by practical experience, and ignoring principles 
and information laboriously collected previous to the war—gives the best 
results. From the commencement we have urged the desirability of estab- 
lishing some standard for the minimum illumination essential in the interest 
of safety in our streets. The data acquired by the Joint Committee on 
Street-lighting, for example, furnish some indication of the range of values 
existing in peace time and the order of variation which may be expected 
at different points in a street. The Report of the Departmental Committee 
on Lighting in Factories and Workshops, again, likewise furnishes an 
indication of the value of illumination that may fairly be required in 
the lighting of open spaces where work is carried on. An enquiry starting 
with this information as a basis would not only go far towards solving 
the present problem in a satisfactory manner but would yield information 
of the greatest possible value in the future. The only alternative, apparently, 
was to go on: darkening the streets until a point was reached where the 
number .of accidents and general inconvenience demonstrated that the 
permissible lower limit had at last been passed. This is the method of 
learning by bitter experience what might more easily be acquired by a little 
foresight and by making the best use of available information. 

The new regulations regarding the lighting of shops and houses, tram- 
cars, railway stations; &c., have also given rise to much discussion in the 
press. -In some respects they are more definite than those issued previously, 




















THE ILLUMINATING ENGINEER (oct.) 


and in several of them we may perhaps trace the influence of the educational 
work carried on by the Illuminating Engineering Society. Everyone, of 
course, must admit the difficulty of framing in popular language precise 
and entirely definite rules bearing on the matter ; but at the same time it 
is obvious that many of the phrases are extremely vague. No one can say 
with conviction what is meant by “‘ a subdued light,” “ the intensity reduced 
to a minimum,” “ the intensity sufficient for the safe conduct of business,” “a 
light visible at a reasonable distance,” or “a powerful lamp.” Even if it were 
found impracticable to define these terms more precisely to the general public 
it is at least obvious that those whose duty it is to carry out the orders 
should have a clear and definite conception what is meant, and be 
able to explain this meaning. 

These considerations are not disposed of by merely asserting that 
the public have loyally responded and are doing their best to comply with 
the regulations. Of course they do so. Everybody is anxious to do what 
is best for the country at the present moment. But that is no reason for 
lack of foresight in reducing the necessary sacrifices on their part to a 
minimum. A glance at the shops in almost any London street will show 
cases where, for want of a little guidance, shopkeepers are fulfilling the 
regulations, but in an obviously inconvenient and inefficient manner. 

We do not suggest. that the ordinary public should be confronted with 
elaborate engineering data or figures for “ foot-candles,” but we certainly 
do hope that those who have the planning of the present arrangements 
will keep a record of measurements of this kind and agree upon standards. 
Illuminating Engineers would be only too glad to co-operate with them in 
obtaining such data, and making them available for practicable application 
by lighting experts. Once determined, such data might be of service 
all over the country and eliminate the haphazard groping after principles 
and hand-to-mouth make-shift devices which prevail at present. 

Above all, we think that members of the ordinary public, shopkeepers 
particularly, would benefit by a little friendly guidance, showing them not 
only how to comply with the requirements, but to do so in the most sensible 
way. It does not follow that all such explanations need be contained in 
the regulations. It might be practicable to indicate certain shops in each 
district which are passed as satisfactory, and are yet lighted in the best 
manner in the circumstances; to issue photographs and descriptions of 
the methods employed ; and even to arrange for popular lectures advising 
the consumer what to do. We venture to think that there are many 
associated with the illuminating engineering movement who would be 
willing to assist in such matters, but naturally such steps could only be 
taken with the sanction and approval of the authorities. 

It must be realised that these regulations affect the general public to 
a far greater extent than most ordinary legal enactments. They are not 
merely of academic interest to legal authorities, but modify profoundly 
the daily life of the nation. The British public is renowned for its law- 
abiding character, and the recent aircraft raids naturally predispose people to 
do all in their power to comply with orders made for their safety. But 
this acceptance of laws is conditional on their being clear and definite and 
incapable of widely different interpretation or possible misconstruction. 
If the regulations cannot be cast in a more definite form the next best 
thing would be for a central committee or court of appeal to be established, 
having at its disposal experts on lighting and able to deal with disputable 
cases in a thoroughly authoritative manner. 
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The New Postal Rates. 


During the past month the new postal rates have naturally been the 
subject of much discussion in the press. To many journals the proposed 
abolition of halfpenny postage would be a serious matter, but it now appears 
that this cheap rate is to be retained. 

The position of monthly and quarterly journals, to which this rate 
has not hitherto applied, is, however, still doubtful. It has long been 
a grievance that the publications of learned, technical and scientific societies 
should be charged at a higher rate than dailies and weeklies. Technical 
and scientific journals, and transactions of societies are rarely run at a 
great profit, but very often at considerable sacrifice, and during the war 
their difficulties have naturally increased. The subscriptions to societies 
in general allow no margin for additional postage, and it is quite impractic- 
able to increase the subscriptions at the present time. Yet they are doing 
most valuable educational work which deserves the support and not dis- 
couragement by the State. Under the new postal rates they may apparently 
be even worse off in comparison with the dailies and weeklies. 

One result of the increased postal charges may be that every possible 
effort will perforce be made to use other channels for distributing the 
journals. For example, several successive issues may be sent in one package 
in order to take advantage of the parcels rate (up to one pound for 4d.). 
Thus little (if any) gain in revenue can be looked for by the State. It is 
even suggested that the printing of some journals will be transferred to 
France or Holland,-where the printing can be done cheaper even than 
here, and the journals posted thence to this country. The result of this 
would be that the Post Office would lose all their revenue from the 
cairiage of these journals and British printers part of their trade. 

The present war has surely demonstrated, above all else, the value of 
science and its applications, and we in this country will have to make great 
efforts to get abreast of our adversary in this respect. The recent establish- 
ment of a Council of Industrial Research may be taken as an indication 
of our intentions in this direction, and it seems extraordinary that in the 
present circumstances the scientific and technical journals, which constitute 
one of the chief channels for spreading abroad a knowledge of science and 
industrial processes, should be further handicapped in their difficult task. 

We venture to suggest that at the present moment it is particularly 
desirable that a long-standing inequality should be removed, and that 
monthly technical and scientific: publications, especially those which act 
as the official organs of societies; should be treated on the same basis as 
the daily and weekly papers... If this involves a loss to the Post Office 
would it not be practicable to place this loss‘to the account of Education ? 

The present Postmaster-General is known to be sympathetic towards 
measures designed to promote the advance of this country in scientific and 
technical matters. We venture to bring to his notice the hardship which 
the new postal charges will cause to many learned, scientific and technical 
societies throughout the country, and we hope that the suggestions made 
above will receive his sympathetic consideration. 


LEON GASTER. 
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A YEAR’S PROGRESS IN ILLUMINATING 
ENGINEERING. 


(A Report presented by the Committee on Progress (Mr. F. E. Cady, Chairman, Mr. T. J. Little, 


Mr. L. B. Marks, Mr. T. W. Rolph), at the 


Ninth Annual Convention of the Illuminating 


Engineering Society, held in Washington, September 20th to 23rd, 1915 ; slightly abbreviated.) 


Durine the past year there have occurred 
two events of striking significance, which 
may be symbolized by two flaming 
torches, one signalizing destruction and 
conflagration, the other spreading its glow 
over construction, progress and en- 
lightenment. One heralds animosity and 
antagonism, the other discloses amity and 
friendly relationship. The one is the sign 
of war, the other a proof of peace. In 
spite of the one progress has continued, in 
conjunction with the other the art of 
illumination has been extended. The 
European war repellant in its awful car- 
nage has afforded grim and hitherto un- 
dreamt of possibilities in the use of light. 
The Panama-Pacific Exposition welcomes 
the whole world and stands as a magnifi- 
cent example of the art of applied illu- 
mination. 

Illuminating engineering is becoming 
recognized as a profession as attested by 
the employment of an_ illuminating 


engineer to take care of the lighting of the 
Exposition and by the announcement by 
the United States Government of ex- 
aminations for the position of illuminating 
engineer in the office of the supervising 
architect at Washington. 

The enormous demand for all sorts of 





material required by the nations at war 
has necessitated night work in a large 
number of foreign factories. This has 
stimulated interest abroad in satisfactory 
and efficient systems of interior illumina- 
tion. 

It will be noted that the list of subjects 
covered by this year’s report is slightly 
different from that shown in the report of 
last year. Some subjects are missing, 
others have been added. This is natural 
since progress is continually appearing in 
new directions. 


Gas and Oil Lamps and Appurtenances. 


Burners.—A very important develop- 
ment in incandescent gas lighting is the 
recent introduction of an upright unit 
fitted with three miniature mantles in 
soft form and made from artificial cellu- 
lose fibre. This type of lamp operates 
well over a reasonably fair range of gas 
pressure and qualities, is efficient and re- 
quires no enclosing draught-inducing 
cylinders. It can replace open-flame 
burners without glassware change on 
present fixtures and furnishes a means of 
obtaining semi-indirect or indirect illu- 
mination. 
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Several new types of inverted burners 
provided with inclined chute-like heat 
baffles to divert the products of combus- 
tion entirely away from the fixtures have 
been worked out in sizes giving approxi- 
mately 100, 150 and 250 horizontal 
candlepower. These units are furnished 
with non-tarnishable, heat-resistinglacquer 
and are so constructed that the heat dis- 
charge vents are completely hidden. 
Being entirelyof metal they can be finished 
to match the fixture on which they are to 
be used. The gas lamp designed to take 
advantage of the fact that the hottest part 
of the flame from a meeker or inverted 
Bunsen burner is in the neighbourhood of 
the small green inner cones and mentioned 
in last year’s report has been in use in 
Germany! and proved the prediction of 
unusual sturdiness and long life. 

An elaborate study of the room venti- 
lating action of various types of gas 
burners has been made in England.? The 
results show that the ventilating efficiency 
is greatest for upright burners; that of 
the inverted burners, those giving a clear 
passage for the gases had the greatest 
ventilating efficiency ; that the addition 
of deflectors intended to protect the 
fittings from the action of the gases re- 
duced the ventilating efficiency by as 
much as 9 per cent. Experiments made 
in this country, however, show that 
when the stack is properly designed, 
higher efficiencies are obtained with de- 
flectors due to a superheating of the mix- 
ture before burning. Globes with a very 
open base had no effect on the ventilating 
efficiency, but those with a constricted 
opening produced a reduction dependent 
on the area of that opening. 

To produce the best results with the 
use of gas for lighting purposes, the 
character of the Bunsen flame used in con- 
junction with gas mantles must not 
change materially. In order to enable a 
manufacturer to ascertain how closely his 
service is maintaining constancy of burner 
conditions, a gauge has been developed.® 
It consists of a small, slender upright 
Bunsen tube of exact design and carefully 
drilled orifice, mounted on the same base 
with a pressure gauge. A scale is placed 


1 Jour. f. Gas, July 25, 1914, p. 741. 
2 Jour. of Gas Light, June 8, 1915, p. 573. 
3 Light. Jour. (U.S.), Dec., 1914, p. 82. 
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at the side of the Bunsen tube in order to 
check the length of the inner cone. Any 
variation of the cone length above or 
below a specified point can be easily 
noted. The gauge is not calibrated to 
indicate any specific quality of gas, but 
will show those changes only which will 
effect Bunsen burner service. 

Despite the long life and high efficiency 
of the present day gas mantle efforts are 
still being made* by inventors to either 
strengthen the structure or intensify the 
illuminating power by the application of 
some solution after the mantle has been 
purchased. Such efforts have not in the 
past been very successful. 

Whether illuminating gas causes the 
fading of colours in fabrics has been made 
the subject of careful testing,> experi- 
ments having been continued for a period 
of ninety days. It was found that the 
deterioration of colour either due to tem- 
perature, illumination, or the products of 
combustion arising from the use of gas 
lighting is of no practical importance com- 
pared with the effect of daylight. 

Automatic Lighters.—-The _ protected 
pilot tip so successfully applied to outdoor 
gas arc lamps has now been modified for 
use on indoor burners reducing the pilot 
flame outages to a minimum. A very 
simple electric gas cock for the distance 
control of gas burners has been produced. 
In Florence, Italy, a system of distance 
control for gas lighting® has been in satis- 
factory use for the past three years. As 
a result of a recent successful test by 
military authorities, in which the city gas 
was shut off at a specified time and re- 
lighted after a predetermined period, it 
is expected that this system will shortly 
be employed in Italian frontier and coast 
towns. In general’ inventors are looking 
toward means for making distance lighting 
by pressure waves selective. 

Artificial daylight units using gas as the 
illuminant’ have been developed and also 
units especially designed for photographic 
work which will be mentioned later. 

Heating Value.—The use of the calorific 
standard for gas in place of the candle- 





4 Jour. of Gas Light., Feb. 23, 1915, p. 442. 
5 Ill. Eng. (Lond.), June, 1915, p. 292. 

6 Jour. of Gas Light., Mar. 2, 1915, p. 504. 
7 Jour. of Gas Light., May 18, 1915, p. 409. 


8 Light. Jour. (U.S.), Dec., 1915, p. 281. 
Proc. Amer. Gas Inst., vol. IX, p. 886, 1914. 
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power standard is increasing in ‘this 
country. In many localities both stan- 
dards are still required, but it seems to 
be a quite general experience that if the 
gas is maintained at the right calorific 
value, the candlepower value will be 
satisfactory. At the 1914 convention of 
the American Gas Institute there was 
referred to the Board of Directors the 
question of adopting the Metropolitan 
No. 2 (Carpenter Argand) burner as the 
standard burner in the determination of 
gascandlepower. It has been suggested! 
by the Bureau of Standards that “ for 
those places where a candlepower speci- 
fication is necessary in order to afford 
protection to users of open-flame lights, 
an open-flame burner should be 
used in testing the gas candlepower.” 
As the number of open-flame burners 
used in this country is relatively small 
the advisability of adopting this sugges- 
tion has been seriously questioned. The 
Bureau also suggests that the adoption of 
any standard burner might delay the 
present tendency toward the adoption of 
heating value standards. 
Data have been given! of experiments 


which indicate that calorific value, specific 
gravity, and gas candlepower do not 
definitely specify a gas for commercial 


purposes. Gases which are identical in 
these properties may yet differ so in 
composition that the resultant flame 
temperatures will differ greatly and hence 
the performance of incandescent lighting 
appliances cannot be predetermined on 
this basis. It has been found, however, 
that heating values above 600 B.t.u. are 
not desirable for incandescent gas lighting. 
A method has been devised!? to enable 
a gas company to determine the candle- 
power of coal gas produced at night as 
well as by day. A holder, 3 ft. (0.90 m.) 
in diameter and 3 {t. high is used and 
the flow of gas into it is regulated so 
that it will just fill up during the night 
or during the day. Tests made on the 
candlepower of the gas collected in the 
holder agreed exactly with those gn 
according to the “ periodic method ” 
which readings are taken periodically 


9 Proc. Amer. Gas Inst., vol. IX, 1914, p. 367. 
10 Gas Inst. News, March, 1915, p. 51. 
11 Amer. Gas Light Journ., July 5, 1915, p. 1. 
12 Amer. Gas Lt. Jour., Apr. 5, 1915, p. 219. 
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when the candlepower is at a maximum, 
at a minimum, and at the average. 

Oil Lamps.—Of late years1® the use of 
high pressure oil lamps with incandescent 
mantles has considerably extended the 
employment of this illuminant. A Swedish 
type using Russian paraffin oil, consists 
of two essential parts, the lamp itself 
and the container for the oil. The latter 
is separated into two compartments, one 
containing the air compressed to 6 atmo- 
spheres by means of a small hand pump, 
the other holding about 2 gallons of oil. 
The pressure used in the container is 
maintained constant at 24 atmospheres 
by means of a reducing valve. The lamp 
is started by means of a little methylated 
spirit. A kerosene oil mantle lamp is now 
being used in this country which on recent 
tests showed a candlepower roughly 
twice, with a consumption of only half as 
much oil as any one of several circular- 
wick centre draft luminous flame lamps 
of the ordinary type. 


Electric Incandescent Lamps. 


Gas-filled Tungsten Lamps.—While the 
development of the tungsten filament 
electric incandescent lamp has _ been 
fairly rapid as compared with that of the 
carbon filament type, it would seem as if 
the progress each year was greater than 
that of the previous year and that sales- 
men would hardly have time to dispose 
of one product before an improved 
successor was available. 

In last year’s report’* reference was 
made to the sizes of non-vacuum gas- 
filled tungsten lamps then available, 400 
being the lowest wattage for multiple 
burning. Now 100, 200 and 300-watt 
sizes are made.15 In May all sizes from 
200 to 1,000 watts for circuits of 220 to 
250 volts were!® put on the market. In 
England!’ 60-watt lamps of this type 
were announced July Ist. In the 60- 
watt and 100-watt lamps argon gas is 
used instead of nitrogen. In Germany!® 
for 100 to 130-volt circuits, 40 and 60-watt 





13 Til, Eng. (Lond.), Jan., 1915, p. 37. 

14 Trans. I. E. S., 9, 1914, p. 522. 

15 Report of Lamp Committee Nat. 
Light Assn., June, 1915. 

16 Elec. Jour., June, 1915, p. 252. 

17 Elec. Times, July 1, 1915, p. 1. 

18 Hlek. Zeit., June 24, 1915, p. 319. 
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sizes, and for 200 to 250-volt circuits, 
75 and 100-watt sizes were advertised at 
about the same time. 

It should be recalled, however, that, 
while in lamps with filaments of large 
cross section, and, for multiple burning in 
general of high wattage, the advantage 
gained in being able to run the filaments 
at high temperatures and hence high 
lumens per watt is great compared to the 
loss in wattage due to convection and 
conduction in the gas, this advantage is 
greatly decreased, in the case of filaments 
of small cross-section such as those used 
for low wattages on multiple circuits, and 
hence the comparatively slow introduction 
of the latter. 

There has been a marked improvement 
in the various mechanical features of the 
gas-filled tungsten lamp. Early lamps 
gave trouble due to the loosening of the 
bases because of the effect of the heat on 
the base cement. This has been remedied. 
A new solder has been devised to over- 
come the former melting of the solder at 
the junction of the leading-in wires and 
the base. Rusting or scaling of the 
leading-in wires has been eliminated by 
the use of a special coating. The distance 
between the filament and the stem seal has 
been increased, thus decreasing the 
temperature of the seal. 

Another important step in advance 
lies in the standardising of the bulb,19 
which now incorporates the good features 
of the round and straight-side types, 
previously used, together with the long 
neck containing a mica disc to keep the 
seal and base portion of the lamp cool. 
The distance from the light centre to the 
base has been made the same for the 
300 to 500-watt sizes so that one type of 
fixture will do for any of these sizes. The 
use of the gas-filled lamp in special 
coloured bulbs for use in photography 
will be mentioned under another caption. 

Before the advent of the gas-filled 
tungsten lamp the use in Germany of 
street lamps of the series type was limited. 
But2?° the great advantage of the series 
gas-filled unit was evident, and hence an 
effort has been made to overcome the 
features formerly considered objection- 
able. On alternating current circuits the 





19 N. E. L. A. Bul., Apr., 1915, p. 246. 
20 Zeit. f. Bel., Jan., 1915, p. 4. 
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difficulty of low wattage was eliminated 
by the addition of a small transformer. 
On direct current circuits the troubles due 
to burn-outs in the series connections has 
been minimised by the use of carborun- 
dum, either in the form of sticks or 
powder. The carborundum is connected 
in parallel across each lamp and being 
cold takes practically no current as long 
as the lamp is lighted. But if a lamp 
goes out, the carborundum is heated by 
the passage of the line current and thereby 
causes a drop in voltage exactly equivalent 
to that formerly occurring in the lamp. 

Physics.—-There has been a continua- 
tion of the study of the physical pro- 
perties of the gas-filled tungsten lamp. 
Thus it has been found that2! the spectral 
energy curves of a vacuum lamp at 
1-2 watts per candle and a spiralled- 
filament gas-filled lamp operated at a 
colour match with it, superpose very 
closely throughout the infra-red spectrum. 
Tests have been made to determine the 
effect of winding the filament in the gas- 
filled lamp in the form of a spiral and the 
results indicated no marked difference 
in the quality of the light emanating from 
the straight and spiralled filaments of 
tungsten in an atmosphere of nitrogen. 
When the luminous efficiency (ratio of the 
“ visible ” to the total amount of radiation 
emitted) of these two types (straight and 
spiral-wound filaments in a_ nitrogen 
atmosphere) was practically the same, 
the candles-per-watt output was found 
to be 15 to 20 per cent. higher in the 
spiralled filament, owing to the lessening 
of convection losses. When the straight 
filament was operating at about 0-5 watt 
per candle and the spiralled filament was 
operated so that the outside surface of 
a turn was set to the same emissivity 
as that of the straight filament, the 
spectral energy curves of the two showed 
that the spiralled filament emitted about 
7 per cent. more infra-red energy than the 
straight filament. Hence the luminous 
efficiency of the latter under the given 
conditions was 7 per cent. higher than the 
former. 

Experiments have also been made?2 
showing that the so-called “ stationary ” 
film of gas about the filament of a gas- 





21 Elec. World, Nov. 28, 1914, p. 1048. 
22 Elec. World, Dec. 5, 1914, p. 1111. 


























filled lamp as a matter of fact does not 
cling to the filament, but moves upward 
along it. 

Vacuum Tungsten Lamps.—Since last 
year’s report there has been an increase 
in the efficiency of the vacuum tungsten 
lamp of from 7 to 10 per cent. in sizes 
below 150 watts. In July a sign lamp 
for multiple circuits, 105 to 125 volts 
was announced using 7-5 watts and giving 
5 candlepower. This is the smallest 
wattage, standard lighting-circuit lamp 
yet manufactured. The practice of intro- 
ducing chemicals to delay the discolora- 
tion of the bulb has been extended to 
include the 10, 15, and 20-watt sizes 
and has permitted the operation of all 
vacuum lamps at higher efficiencies. 
The spiral winding in a concentrated form 
is now used in the 25, 40, and 60-watt 
sizes,23 in addition to those sizes in which 
it was previously used. These lamps use 
the same size bulbs and have the same 
average mean spherical efficiencies as 
the regular type of the same wattage, but 
have a somewhat shorter life. In Ger- 
many small lamps for signal purposes 
have been developed24 which are designed 
to be burned in series with apparatus or 
circuits whose active or inactive operation 
it is desired to verify. These lamps are 
obtainable for a range of current consump- 
tion from 0-4 to 12 amperes. 

A method has been recently patented, 
in which2> the wires sealed into the glass 
stem of electric lamps are coated with a 
chemical salt, thereby making a better 
seal. The patent also covers the use of 
metal plated wire for use in such seals. 

In line with the continued efforts 
towards standardisation there has been 
considered a plan?¢ for settling upon two 
or three standard lamp voltages to be 
adopted as a basis for the manufacturer’s 
output. This will simplify specifications. 

The completeness with which the 
gas-filled street series lamps have super- 
seded the vacuum type has resulted in 
the withdrawal of the street series vacuum 
lamps from the listed lamp schedules. 

The tantalum lamp has now disappeared 
from the market and is being?’ rapidly 


23 Light. Jour., Mar., 1915, p. 65. 

24 Elek. Zeit., Jan. 21, 1915, p. 27. 

25 Klec. World, Apr. 24, 1915, p. 1043. 
26 N. E. L. A. Bul., Mar., 1915, p. 169. 
27 Lamp Com. Report, loc. cit. 
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followed by the carbon lamp. The 
demand for gem lamps has fallen off to 
such an extent that it is difficult to retain 
the present limits of candlepower and 


wattage. In the case of miniature lamps, 
the tungsten filament has so completely 
replaced carbon that sales of tungsten 
comprise over 85 per cent. of the total 
of miniature lamps sold. 

Rating.—It has become the almost uni- 
versal custom to rate metal filament lamps 
in this country according to their 
watts input and apparently this method 
of rating has served to raise the prevailing 
standard of illumination. In England, 
however, a discussion before the British 
Illuminating Engineering Society?* re- 
vealed the fact that this method of rating 
is by no means generally accepted as 
satisfactory. The preponderance of 
opinion seemed to be in favour of a return 
to some form of candlepower rating with a 
difference of opinion as to whether the 
unit should be the mean spherical candle 
or the lumen. In Germany also the 
subject has been considered at2® a series 
of conferences held by the German Lamp 
Manufacturers who proposed the con- 
tinuance of the voltage-wattage rating. 
The lighting committee of the German 
Association of Electrical Engineers dis- 
cussed this proposal, but could come to no 
full agreement on the subject. A%° 
representative from the Associations of 
Central Stations urged that it should be 
required by law to state the voltage, the 
upper and lower hemispherical candle- 
power, the total watts consumed and the 
watts-per-candle. 

At the request of the! Society of Motor 
Manufacturers and Traders the British 
Engineering Standards Committee has 
been investigating standard tungsten 
filament lamps of the vacuum type for 
automobiles. The question of whether 
such lamps should be rated at all in 
candlepower is receiving the attention of 
the committee and in the meantime they 
are rated in actual watts or nominal 
candlepower. Standard bulbs are defined 
and standard voltages. For headlights a 
standard distance of 30 mm. from the 


28 Jil. Eng. (Lond.), Apr., 1915, p. 167. 
29 Elek. Zeit., May 13, 1915, p. 236. 

30 lek. Zeit., May 20, 1915, p. 248. 

31 Elec. Eng. (Lond.), Feb. 18, 1915, p. 69. 
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contact plates to the centre of the filament 
is prescribed. 

In Germany the gas-filled lamps were 
formerly widely advertised as “ half-watt” 
lamps. Recently? the largest manufac- 
turers have made a determined effort to 
get away from this term, realising that it 
is as misleading, and hence a cause of 
trouble, as the old designation of ‘‘ 2,000 
candlepower”’ was in the case of arc 
lamps. 

Physics.—The disappearance of almost 
any kind of a gas introduced at low 
pressure into a bulb containing an 
incandescent tungsten filament has been 
investigated and it®* has been found 
that there are four classes of reaction 





32 Zeit. f. Bel., Jan., 1915, p. 11. 
33 Elec. World, May 15, 1915, p. 1245. 
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involved. The filament is directly affected 
by the gas; or the gas reacts with the 
vapour given off by the filament ; or the 
filament acts catalytically on the gas, 
producing a chemical change in the gas, 
but no permanent change in the filament ; 
or the gas is chemically changed or made 
to react with the filament by means of 
electric discharges through the gas. 

Studies have been made also on the4 
temperature distribution in the neigh- 
bourhood of a cooling junction of an 
electric incandescent lamp filament, and 
of the thermal conductivities of tungsten, 
tantalum, and carbon at incandescent 
temperatures. 


(To be continued.) 


34 Phys. Rev., vol. 4, 1914, pp. 524 and 535. 








A SUGGESTED CODE OF LIGHTING FOR FACTORIES, 
MILLS AND OTHER WORK PLACES IN THE UNITED 
STATES. 


(Presented at the Ninth Annual Convention of the Illuminating Engineering Society, U.S.A., held 
in Washington, September 20th to 24th, 1915 ; abbreviated.) 


Article I. Daylight.—All buildings 
hereafter constructed must be provided 
with adequate window area. Awnings, 
window shades, diffusive or refractive 
glasses must be used for the purpose of 
improving daylight conditions or for the 
avoidance of excessive brilliancy wherever 
they are essential to these ends. 

The windows, skylights, saw-tooth or 
other roof lighting constructions, are to be 
arranged with reasonably uniform bays, 
and the daylight openings shall be so 
designed and proportioned that at the 
darkest part of any work space, when 
normal exterior daylight conditions 
obtain, there shall be available at least a 
minimum intensity equal to three times 
the minimum intensities given in Article 
\V. for artificial light. 

(Note: The intensity requirements for 
daylight are higher than those for artificial 
light because the physical condition of the 
eye during the daytime is usually such as 
to require a higher intensity of natural 
light for satisfactory vision than is re- 





quired at night under ordinary well 
designed artificial lighting systems.) 

Article II. Old buildings at present 
constructed and not having adequate 
window area, must be provided with ade- 
quate artificial light according to the fol- 
lowing articles, so as to supplement the 
natural light during normal daylight 
hours. 

Article III, All buildings, whether old 
or hereafter constructed, must be pro- 
vided during those hours of work when 
natural light is insufficient or not avail- 
able, with adequate artificial light accord- 
ing to the following articles. 

Article IV. Adequate intensity of the 
light must be provided for each class of 
work, both on a horizontal plane as well 
as on a vertical plane passing through the 
work, according to Article V. In all 
cases, however, glare on working surfaces 
is to be avoided as it tends to reduce the 
visual efficiency of the workmen and to 
increase the likelihood of accidents. 











Article V. Artificial Light; Intensity 
Required.—The average illumination in- 
tensity throughout any month actually 
measurable in foot-candles on a_hori- 
zontal plane through the work is to con- 
form to the following table. Uncertain 
cases which arise as to how to classify 
given manufacturing operations are to be 
left to the judgment of a lighting expert. 

Minimum Desirable 


foot-candle foot-candle 
intensity. intensity. 


Class of Work. 


Storage, passageways, stair- 
ways, and the like 
Rough manufacturing and 


0:25 — 0-25- 0-5 


other operations 1-25 1-25- 2:5 
Fine manufacturing and 

other operations 3-50 3-5- 6-0 
Special cases of fine work —  10-0-15-0 


Where operations are performed on the 
sides of the work in hand, they shall be 
classified according to this table, and if 
the illumination is furnished from an 
overhead system, it shall preferably be 
not less than 50 per cent. of the foregoing 
values, when measured on a_ vertical 
surface. If the illumination is furnished 
by an individual lamp or by lamps close 
to the work, the intensity shall conform 
to the minimum or desirable intensities 
required in the foregoing table. 

(Note: As a guide to inspectors and 
others, it may be stated that with modern 
lamps roughly 1 candlepower per square 
foot produces an effective ill mination of 
3 foot-candles when the lamps are 
arranged according to the uniformly dis- 
tributed overhead system, with mounting 
heights ranging from 12 to 16 ft. above 
the floor, and when the light is directed 
from said lamps to the work in an efficient 
manner. A rough idea may thus be 
secured of the candlepower per square 
foot necessary to conform to the foregoing 
table of intensities by taking one third of 
the intensity values given in the foregoing 
table.) 

Thus for fine manufacturing and other 
operations, the minimum foot-candle in- 
tensity is 35, which is approximately 
equal to 1*2 candlepower per square foot. 
The use of a portable photometer or 
illuminometer, however, is recommended 
for the determination of existing systems 
and all uncertain cases are finally to be 
established by these instruments. 


Article VI. Lamps and machinery 
jointly, are to be so arranged as to avoid 
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the casting of shadows over belts and 
other obstructions on important parts of 
the work, and the distribution of light 
from the lamps should be such as to 
avoid sharp contrasts of light and shade 
on the work. 

Article VII. Inspection and regular 
maintenance of all lighting systems is re- 
quired in spaces where work is being con- 
ducted, and in no case must the lighting 
devices, whether windows, lamps or 
auxiliaries such as globes and reflectors, 
be allowed to deteriorate, due either to 
dirt accumulations or to burned-out 
lamps, more than 20 per cent. below the 
minimum intensity values required by 
Article V. 

Article VIII. Roadways, yards and 
places not usually frequented must either 
be provided by illumination during work- 
ing hours when natural light is absent or 
partly absent, to make them safe against 
accident to employees traversing or 
engaged in such places, or a convenient 
control or controls must be placed at the 
entrance to basements, stock rooms, and 
the like, so that a person on entering can 
readily turn on the lamps beforehand. 

Article IX. Stairways and passage- 
ways must be provided with lamps and 
reflectors or shades carefully located so 
as to shed their light generally over the 
entire space or spaces involved, and in 
sufficient quantity to make the stairways 
and passages safe against accident to 
employees traversing or engaged in such 
places. For intensities see Article V. 

Article X. Each working space is pre- 
ferably to be illuminated by lamps 
mounted overhead according to the 
system of general lighting, in preference 
to individual lighting. “The overhead 
method of lighting, besides possessing 
many other advantages, also tends to 
reduce dark spots throughout the floor 
area, a feature usually objectionable with 
the use of individual lamps. This par- 
ticular Article is not an absolute require- 
ment, but a suggestion enforceable at the 
discretion of a lighting expert. 

Article XI. Auxiliary lighting should 
be provided in all large work spaces, such 
lamps to be in operation simultaneously 
with the regular lighting system, so as to 
be available in case the latter should 
become temporarily deranged. 
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EXPLANATORY RULES. 


The foregoing articles are supplemented 
by the following rules, which will aid in 
the observance of the requirements con- 
tained in the articles ; tend to reduce eye 
trouble and accidents; and help in the 
securing of favourable results in planning 
lighting systems. 

1. Lamps should be equipped with re- 
flectors or shades for minimising glare and 
economising light. Bare lamps should 
not be used except in rare cases and then 
only when out of the line of vision. 

2. As a general plan, mount the lamps 
high and out of the ordinary line of vision. 

3. Although the types of reflectors and 
shades, and reflector and shade holders or 
fitters on the market are numerous, it is 
recommended that the holder or fitter, as 
well as the reflector or shade, be selected 
with reference to placing the light source 
at the proper point in the reflector or 
shade so as to eliminate glare, due to ex- 
posure of the light source, and also for 
the purpose of directing the light from 
the lamp effectively to the work, that is, 
for obtaining a distribution of light which 
meets the desired requirements. 

4. Light thrown vertically downward 
is not the only important component of 
the resulting illumination. The sides of 
machinery, machine tools and work, as 
well as horizontal surfaces, often require 
good light. 

5. Control few lamps in each group so 
that lamps not needed may be turned off 
conveniently. 

6. Keep windows, lamps and reflectors 
clean, since large losses of light result from 
the accumulations of dust and dirt. 


7. Provide a maintenance department 
if the shop is large enough to warrant it, 
so that all the items associated with the 
upkeep of the lighting system may be 
cared for systematically. 

8. Keep ceilings and upper portions of 
walls a light colour for the purpose of 
rendering both natural and artificial light- 
ing more efficient and better diffused. 
The lower portions of walls should be a 
colour which is restful to the eyes, pre- 
ferably a medium tint, typified by the tint 
known as factory green, or a rather dark 
shade of yellow. Other medium tones are 
also available. 


EXPLANATORY NOTES. 


Section I. Daylight.—Adequate day- 
light facilities through large window areas 
together with light cheerful surroundings, 
are highly desirable and necessary features 
in every work place, and they shouid be 
supplied through the necessary channels 
not only from the humane standpoint, but 
also from the point of view of maximum 
plant efficiency. 

Importance of Daylight—The unusual 
attention to gas and electric lighting in 
factories, mills and other work places 
during the past few years ; the perfection 
of various lamps and auxiliaries by means 
of which an improved quality and 
quantity of lighting effects are obtained ; 
and the care which has been devoted to 
increasing the efficiency in various in- 
dustrial operations ;—all go to emphasise 
the many advantages and economies that 
result from suitable and adequate window 
space as a means for daylight in the 
proper quantities and in the right direc- 
tions during those portions of the day 
when it is available. 

Three Considerations.—Three important 
considerations of any lighting method are 
sufficiency, continuity and diffusion. With 
respect to the daylight illumination of in- 
teriors, sufficiency demands adequate 
window area; continuity requires (a) 
large enough window area for use on 
reasonably dark days, (b) means for re- 
ducing the illumination when excessive 
due to direct sunshine, and (c) supple- 
mentary lighting equipment for use on 
particularly dark days and especially to- 
wards the close of winter days ; diffusion 
demands interior decorations that are as 
light in colour as practicable for ceilings 
and upper portions of walls, and of a dull 
or mat finish in order that the light which 
enters the windows or that which is pro- 
duced by lamps, may not be absorbed and 
lost on the first object that it strikes, but 
that it may be returned by reflection and 
thus be used over and over again. Diffu- 
sion also requires that the various sources 
of light, whether windows, skylights or 
lamps, be well distributed about the space 
to be lighted. Light coloured surround- 
ings as here suggested result in marked 
economy, but their main object is perhaps 
not so much economy as to obtain a result 
that will be satisfactory to the human eye. 
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Requirements.—The following require- 
ments may now be listed for natural 
lighting : 

1. The light should be adequate for 
each employee. 

2. The windows should be so spaced and 
located that daylight conditions are fairly 
uniform over the working area. 

3 The intensities of daylight should be 
such that artificial light will be required 
only during those portions of the day 
when it would naturally be considered 
necessary. 

4. The windows should provide a 
quality of daylight which will avoid a glare 
due to the sun’s rays and light from the 
sky shining directly into the eye, or where 
this does not prove to be the case at all 
parts of the day, window shades or other 
means should be available to make this 
end possible. 

5. Ceilings and upper portions of walls 
should be maintained a light colour to 
increase the effectiveness of the lighting 
facilities from window areas. The lower 
portions of walls should be somewhat 
darker in tone to render the lighting 
restful for the eye. Factory green or 
other medium colours may be used to 
good effect. 

Classification.—Means for natural light- 
ing may be classed under three broad 
divisions as follows : 

(a) That case in which the windows are 
located on the sides of the building or in 
the framework of saw-tooth construction, 
where diffused light from the sky reaches 
the work during a large portion of the day. 

(b) That case in which windows are 
located overhead on a horizontal or nearly 
horizontal plane in the form of skylights, 
thus furnishing direct light from the sky 
during a large portion of the day. 

(c) That case in which prismatic glass 
takes up the direct light from the sky 
and redirects it into the working space. 

Method (a) is, of course, the most 
common of the three, and it may be noted 
that the saw-tooth or other roof lighting 
constructions have become very popular 
and result in an excellent quality and 
quantity of light for given window areas 
provided the size and location of windows 
are in accord with modern practice. 

Increasing the Value of Floor Space.— 
Adequate and well distributed natural 
light means that certain portions of the 
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floor space which ordinarily would not be 
available for work, are converted into 
valuable manufacturing space. In a 
general way, therefore, the average 
factory, mill or other work place, if 
properly designed, should possess natural 
lighting facilities which produce the best 
practicable distribution of daylight illu- 
mination. 

Wide Aisles—With low ceilings and 
very wide aisles, workmen located at the 
central portion of the building must some- 
times depend for their natural light on 
windows located at a considerable distance 
away from their working position. In 
these cases it may be impossible, in 
general, to depend altogether on daylight 
over an entire floor space, even at those 
times of the day when daylight con- 
ditions would be entirely adequate under 
other circumstances. This statement 
applies to side windows rather than to sky- 
lights or to saw-tooth construction. Fig. 1 
illustrates this feature. 

Varying Conditions.—In a case of this 
kind, employees located next to the 
windows are furnished with suitable day- 
light in the early morning and towards the 
latter part of the afternoon, the upper 
portions of the windows being particu- 
larly serviceable in lighting areas at some 
distance away from the windows. A 
southern exposure, however, results in 
such excessive light from the sky during 
the middle of the day, that heavy shades — 
are nearly always pulled down so as to 
cover the entire window area. This plan 
makes it necessary to use artificial light 
throughout the larger part of the office 
during the brightest portion of the day, 
and reduces the daylight at those points 
where it would supposedly be the best, 
namely, near the windows. Here the 
location of the windows is a large factor 
in the excellence of the daylight con- 
ditions, but the manipulation of the shades 
is perhaps even more important. To 
avoid such a difficulty, adjustable trans- 
lucent upper window shades with adjust- 
able opaque lower shades might be 
employed. 

Upper Portions of Windows.—It should 
be further noted in this illustration that 
the upper portions of the windows give a 
reduced illumination in proportion to 
their areas, to the floor space near them. 
In rooms of moderate size, therefore, the 
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windows should be placed as near the 
ceiling as practicable. When the sun 
shines through windows so located, the 
direct light must be reduced or diffused. 
This may be accomplished by the use of 
ribbed glass in ordinary factory and mill 
buildings, and in offices by the use of 
translucent sun shades or awnings. 

Tempering the Light.—The light due to 
the sunshine on such shades and awnings 
will be as bright as ordinary skylight if 
the shade is well chosen, and the ribbed 
glass will be still brighter. If the 
windows are large, the illumination is 
likely to be too great near the windows as 
previously pointed out and it must be 
reduced. This should not be done, how- 
ever, by pulling down an opaque shade 
over the top of the windows because the 
top portion of the window is the part 
that is particularly needed to give light 
to the interior of the room. The better 
scheme is to employ an opaque shade 
which should be raised from the bottom of the 
window. This will reduce the illumination 
near the window without affecting it over 
the interior of the room to any marked 
degree. 

Bench Locations——The usual arrange- 
ment of benches with respect to windows, 
so that the light received on the work may 
be most satisfactory, sets a certain limita- 
tion upon the possible arrangement of the 
work over the floor space, depending on 
the way the daylight is furnished to the 
floor area. This limitation can be elimin- 
ated almost completely in the case of 
artificial light through a uniform distribu- 
tion of lamps overhead. This statement 
applies to.those cases where natural light 
is transmitted through side windows, and 
includes a feature specially noticeable in 
buildings of more than one storey. In 
contrast, the work may be arranged 
almost independently of the natural light 
in buildings where the natural light is 
furnished by overhead windows of 
through the means of saw-tooth construc- 
tion. 

Window Glasses.—Both translucent and 
clear glass are employed for factory and 
mill windows. There is a slight reduction 
in the transmitted light through ordinary 
translucent wire glass, but it is often re- 
quired by insurance regulations for a 
reduction in the fire risk where a given 
building is located in close proximity to 
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other buildings. Wire glass is also used 
quite generally with steel window frames, 
here being an added protection from the 
standpoint of fire risk. Wire glass may 
be obtained in clear form, but its expense 
in contrast to the translucent form is such 
as ordinarily to prohibit its use for in- 
dustrial purposes. 

Wire Glass.—Wire glass, also known as 
ribbed glass, should be used and is advo- 
cated for practically all factory and mill 
windows where prisms are not required. 
Wires of rather open mesh cause so little 
reduction in light as to warrant no 
mention of this feature. Special care 
should be taken to get such glass as is 
smooth both on the flat side and on the 
ribbed side to facilitate cleaning. Wire 
or ribbed glass gives better diffusion than 
plain glass. 

Prism Glass.—Where the sky outside 
of the windows is obstructed by buildings, 
prism glass is recommended if the room is 
deep. Different kinds of prisms cannot 
be used to advantage interchangeably. 
The amount of prism glass required in any 
case depends much upon the surroundings 
and to obtain excellent results, of which 
such glass is capable, it must be used 
intelligently. 

Skylights Skylights are sometimes 
installed in long narrow continuous strips 
in a sloping roof. The ribs of the ribbed 
glass are generally so arranged that it is 
convenient to make them at right angles 
to the length of the strips. The result is 
that the sunshine is diffused by the ribs 
over a narrow area parallel to the strip 
of skylight, thus lighting one part of the 
room much more brilliantly than the re- 
mainder. If the ribs are installed to run 
parallel to the strips, they will give a 
much more general distribution of the 
sunlight. In the foregoing, the word 
strip refers to the long belt of skylight and 
not to the individual sheet of glass. 
Ribbed glass in vertical windows should 
generally be placed with the ribs hori- 
zontal. They thus roughly fulfil some of 
the functions of prisms. 

Dirt Accumulations.— While translucent 
wire or ribbed glass reduces the amount of 
light transmitted through the windows, 
the roughness of the outside surface of 
such glass often causes accumulations of 
dust and dirt, which are more to blame 
for the reduction of transmitted light in 














some cases than the translucent nature of 
the glassitself. Remedies of this difficulty 
are to secure smooth glass and to resort 
to frequent cleaning. 

Wire Glass as a Safequard.—Wivre glass 
for skylights is, of course,a practical neces- 
sity as a safeguard against accidents 
due to accidental breakage of the glass 
or due to objects falling on top of the 
glass 

Calculations for Natural Inght—In 
certain typical localities, the average 
brightness of the sky during business 
hours is about 250 candles per square foot. 
This is probably a fair average value for 
the entire United States. The lower or 
minimum value of sky brightness, ex- 
cluding particularly stormy days, may be 
taken as about 100 candles per square 
foot. Allowing for a reduction of 25 per 
cent. for losses in the windows themselves, 
the brightness of the sky as seen through 
a window becomes equal to a minimum of 
say 75 candles per square foot in any 
directions from which the sky can be seen 
through the windows. This brightness 
value if multiplied by the part of the 
window area through which sky is visible 
from a given point in the work space gives 
the available candlepower through the 
window in question, and this candlepower 
is then divided by the square of the dis- 
tance between the given point and the 
window to obtain the foot-candle intensity 
of the illumination at the given point. 

Method illustrated.-—To illustrate this 
method, consider a hall-way 40 ft. long, 
lighted by a window 5 ft. by 5 ft. at one 
end, with the sky visible from the darker 
end of the hall through the upper half 
of the window only. The illumination at 
the dark end of the hall will then be equal 
to: 


5x5 x05 X 15 =0°'58 foot-candles, 
1600 j 


under the assumed window brightness of 
75 candles per square foot. The 1,600 in 
this calculation results from the square of 
40 ft., the length of the hall, or in other 
words the distance from the point con- 
sidered to the window; and the factor 
05 takes into account the fact that 


the sky is visible through only one 
half of the window area from the point 
considered. 
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Checking the Intensity—The intensity 
is not sufficient at this darkest part of the 
hall since the requirements of Article I of 
the Code proper call for three times the 
minimum values given in Article V, and 
the minimum value given in Article V for 
passage-ways is 0:25. Three times this 
value is 0°75 which is somewhat greater 
than the value found in this calculation. 
The window area must therefore be in- 
creased in size by about 50 per cent., or 
if this is impossible or impracticable, the 
hall-way must be provided with artificial 
light at those points where the natural 
light falls below the requirement. 

Calculation for a Skylight—As another 
illustration, assume that fine manufac- 
turing work is to be performed under a 
skylight 20 ft. above the work. If the 
brightness is assumed to be 75 candles per 
square foot as before, the minimum in- 
tensity must be 3 X3°5 foot-candles, that 
is, 10°5 foot-candles, based on the require- 
ments of Article I of the Code. The 
window area must then equal : 


105 x 100 


=§6 sq. it. 
75 “4 


Part of Window Area to Consider.—It is 
important in estimating the illumination 
of any work room to consider only that 
portion of the window area through 
which clear sky is visible, provided the 
window is equipped with ordinary clear 
glass. 

Sunshine Not Desirable—In all the 
work of providing natural light, it should 
be kept in mind that direct sunshine in 
itself, from the illumination standpoint 
but irrespective of sanitary conditions, is 
not wanted. The idea that sunshine is 
the important item is a common but an 
erroneous impression. For example, in 
saw-tooth construction, the windows do 
not face the south to get all the sunshine 
possible, but they face the north to ex- 
clude the sunshine. Ordinary windows, 
on the other hand, face all directions be- 
cause not enough light can be distributed 
to interiors from north windows alone. 
Windows on the other than north front 
admit sunshine to be sure, and this makes 
sun shades and awnings necessary to 
exclude the excessive brightness. 


(To be continued. ‘ 
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FIRST REPORT OF THE DEPARTMENTAL COMMITTEE 
ON LIGHTING IN FACTORIES AND WORKSHOPS. 


VOL. 2 MINUTES OF EVIDENCE.* 


In our last issue we published an 
abstract of the Report of the Depart- 
mental Committee. The Minutes of the 
Evidence are now also available. As the 
subject matter occupies nearly 200 pages 
it is only possible to give a very general 
idea of the contents of this volume. 
Readers will find in it a considerable 
amount of additional explanatory matter 
beyond that appearing in the Report 
itself, which is well worth careful study. 

The matter has been arranged in a 
convenient form. There are four sections 
devoted respectively to :—(1) Witnesses 
examined, (2) A Summary of Evidence, 
(3) A Précis of Evidence, and (4) The 
Minutes of Evidence. The list of wit- 
nesses was given by us in the last issue 
of THe Ittuminatinc ENGINEER.t In 
the Summary of Evidence the various 
statements of witnesses are assembled 
together and classified under the following 
headings :—A. Accidents. B. White- 
washing of Walls and Roofs and Cleaning 
of Glass. C. Complaints. D. Damage to 
Eyesight and Health. E. Efficiency ; 
Increased Output and Employers’ Atti- 
tude towards Good Lighting. F. Criti- 
cism of any Existing Regulations. G. 
Glare. H. Existing Conditions and Cus- 
toms in Special Processes. I. Shadows 
and Placing of Lights. J. Lighting-up 


* Blue Book (Cd. 8001). Obtainable from 
Eyre & Spottiswoode, Ltd., East Harding Street, 
London, E.C. 


+ THe Intuminatine ENGINEER, Sept., 1915, 
379. 


p- 


Time and Effect of Mixture of Natural 
and Artificial Light. K. Systems of 
Artificial Lighting and Methods followed 
in designing installations. L. Systems 
of Natural Lighting and Methods followed 
in designing installations. M. Numerical 
Data of Existing Illumination with 
Workmen’s Criticism. N. Special Illum- 
ination Tests and Theories. O. Sugges- 
tions as to what the Committee should 
recommend, &c. 

Following this classification we have 
the Précis of Evidence, which is in the 
nature of a summary of the remarks of 
each witness. Finally we have the 
verbatim account, the evidence as it 
was actually taken by the Committee. 


Accidents. 


Inspectors of factories agreed that bad 
lighting was generally regarded as a 
contributory cause of accidents, and 
various instances were mentioned. Thus, 
G. Bellhouse states that complaints of 
accidents due to bad lighting, referring 
chiefly to mill passages after dark, were 
made in 1911 by the United Textile 
Workers’ Association. M. Williams re- 
ferred to the danger from naphtha lamps, 
and H. J. Wilson comments on the 
frequency of accidents in the ship- 
building industries owing to the changing 
lighting conditions; a relatively high 
proportion of accidents occur by night. 
In iron and steel works, smoke and 
shadow sometimes lead to mishaps, and 
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the same applies to shunting operations. 
A. P. Trotter considered that the pre- 
vention of accidents was the only ground 
on which regulations for illumination 
would be justified. In many cases a 
system of “beacon lighting” would 
suffice. The illumination of dangerous 
machinery was a proper subject for 
regulations. 

Other evidence related to the desira- 
bility of ample window space and good 
artificial lighting in foundries. 

Many witnesses attached importance 
to the periodical whitewashing of walls 
and cleaning of windows. 

Instances of complaints of insufficient 
lighting in weaving rooms, foundries, &c., 
were mentioned by several witnesses. 
Mr. A. Stokes remarked that work- 
people were very ready to complain if 
the light was not enough; he had also 


met with complaints on the score of 
Mr. Harrison, however, thought 
that it was difficult to get evidence 
because employees are often reluctant 


glare. 


to complain. 


Damage to Eyesight and Health. 


Several inspectors mentioned com- 
plaints of failing eyesight, headaches, &c., 
attributed to unsatisfactory illumination, 
In embroidery shops the percentage of 
operators wearing glasses is often high 
—in one instance as high as 44°4 per cent. 
H. Harrison mentioned a case in a coil- 
winding shop where the output in the 
evening was less than in the daytime, 
apparently owing to greater strain in- 
volved by artificial light. F. W. Edridge 
Green mentioned some instances of eye- 
sight trouble and headaches attributed 
to glaring light. W. McDougall thought 
that the effect of glare would probably 
be to produce a neurasthenic condition 
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and nervous headaches. A complete 
investigation of this matter is desirable, 
but in order to be conclusive, the experi- 
ments should be carried out on a large 
scale. 

Evidence from employers and opera- 
tives showed the importance of good 
lighting in certain operations, such as fine 
mending and “ burling,” tailory work, &c. 


Efficiency and Increased Output. 


Evidence showed a very general recog- 
nition among employers that good lighting 
is essential for increasing output and 
improving quality of work. Mr. T. E. 
Ritchie mentioned a case in his experience 
where the earnings of operatives went up 
11 per cent., due to improved lighting, 
costing only 4 per cent. more. The 
accuracy of work was also improved. 
Indirect lighting was of special value in 
Haydn T. Harrison 
remarked that it is necessary to ensure 


certain operations. 


that increased illumination is not accom- 
panied by glare. In old factories the 
illumination may sometimes he increased 
two to three times by the judicious 
planning of the installation, without 
increasing the cost. 

The evidence both of employers and 
of operatives fully bears out the connec- 
tion between lighting and output. 


Criticism of Existing Regulations. 

The chief criticisms of existing regu- 
lations were based on the fact that the 
inspectors have at present only vague 
powers in regard to lighting, and there 
are only a few specific trades in which 
requirements are at present made under 
the Factory Act. 

Portions of the London Building Act 
were shown to cause difficulties in regard 
to the provision of natural illumination. 
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Glare and Inconvenient Shadows and 
Contrast. 

J. A. Hine gives a list of processes in 
which glare is liable to occur owing to 
direct reflection of light from the material. 
H. C. Wheat mentioned that glare had 
the effect of lowering visual acuity and 
was apt to produce accidents due to the 
blinding effect. Clark and How, Trotter, 
Stokes and other witnesses referred to 
various methods of diminishing glare 
such as effective shading, placing the 
lamps out of the direct range of view, 
and avoiding the exposure of bright lights 
with a dark background. F. W. Edridge 
Green emphasised the desirability of 
avoiding undue contrast, and suggested 
a physiological explanation of its effect 
on the eye. 

Many witnesses referred to the incon- 
venient effects of deep shadows, especially 
in trades where there is much moving 
machinery, or where stacks of material 
accumulate on the floor and tables. In 
sewing-machine factories it is particularly 
important that light should come from 
the right direction. H. Harrison pointed 
out that in foundries a certain amount of 
shadow was needed to enable the moulds 
to be seen. It was often desirable for 
local lights to be capable of adjustment 
so that workers could move them into 
the position best suited to the work they 
were doing. 

A considerable section of the evidence 
deals with the amount of illumination 
suggested by various authorities as being 
required for certain trades. Witnesses 
also described the way in which the 
lighting installations are designed. 

Evidence is also given as to the need 
for a recognised standard, and instances 
are quoted of many industrial operations 
where the illumination afforded in various 
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factories for identical processes varies 


within considerable limits. 


Suggested Future Requirements. 


The most important section of the 
Evidence is that containing suggestions 
for procedure in order to specify adequate 
lighting. 

G. Bellhouse (Home Office, Factory 
Dept.) considered that there should be no 
difficulty about requiring adequate illumin- 
ation in general terms, and it should be 
possible to formulate definite standards 
after suitable inquiry. The same view is 
expressed by other witnesses, but it is 
pointed out as desirable that ‘ adequate 
lighting” should be defined in clear terms. 

A. Stokes expressed the opinion that a 
of 


would be acceptable, but care should be 


low standard general illumination 
taken that manufacturers did not assume 
that this was the correct illumination to 
S. Dow did 


that it would be safe, in the present 


provide. J. not consider 
state of knowledge, to specify rigidly 
the 
It might be possible to have a general 
but the light 


various processes could only be deter- 


illumination for various purposes. 


standard, required for 


mined as a result of systematic inquiries 


over several years. He agreed with 
other witnesses that any standard 
should be in terms of illumination. 


In regard to photometric measurements 
of illumination he thought an accuracy 
of + 10 per cent. might be expected ; this 
figure was also suggested by Mr. A P. 
Trotter. 

Several architects and surveyors ex- 
pressed the opinion that it would be 
difficult to frame general regulations on 
natural illumination owing to the large 
number of exceptions that would have 
to be made. 




















THE NEW LIGHTING REGULATIONS. 


In an Order by the Home Secretary, 
dated September 28th, more stringent 
regulations for the screening of lights in 
dwelling-houses and railway carriages are 
to be enforced. These regulations have 
been the subject of much discussion in 


the technical press. The following are 


the chief provisions contained in the 
Order :— 


In pursuance of the powers conferred on me 
by Regulation 11 of the Defence of the Realm 
(Consolidation) Regulations, 1914, I hereby 
make the following Order :— 


STREET LIGHTING. 


(1) Public lights in streets and squares, on 
bridges, and in all other public places must be 
so extinguished, reduced, shaded, or obscured 
as to break up all conspicuous groups and rows 
of lights and to produce as nearly as possible 
a uniform distribution of street lighting; and 
any instructions given for this purpose by the 
Commissioners of Police of the Metropolis and 
of the City of London in their respective juris- 
dictions must be observed. 

(2) Sky signs, illuminated fascias, illuminated 
lettering, and outside lights of all descriptions 
used for advertising or for the illumination of 
shop fronts must be extinguished. 


Suors AND HOovsEs. 


(3) The intensity of the inside lighting of 
shops and shop fronts must be reduced so that 
no more than a subdued light is cast in any 
direction outside the premises. All sources of 
light must be so screened as to cut off all direct 
light from windows and doors. 

(4) Bright lights in hotels, flats, dwelling 
houses, and premises of all descriptions not 
coming under the other provisions of this Order 
must be shaded or windows screened, so that 
no bright light is cast in any direction outside. 

(5) All large lighted roof areas must be 
covered over or the lighting intensity reduced 
to a minimum. 

(6) The lighting of railway stations, sidings, 
and goods yards must be reduced to the intensity 
sufficient for the safe conduct of business there. 
The upper half of the globes of all bright lights 
must be shaded or painted over. 


Rattway Licuts, &c. 


(7) Passengers in railway carriages which are 
provided with blinds must keep the blinds 
lowered so as to cover the windows. The blinds 


may be lifted in case of necessity when the 
train is at a standstill at a station, but if lifted 
they must be lowered again before the train 
starts. 
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(8) Lights along any water front must be 
masked to prevent as far as practicable the 
reflection of the light upon the water. 

(9) The aggregation of flares in street markets 
is prohibited, but properly screened lights of 
moderate power may be used. 


Motor AND OTHER VEHICLES. 


(10) The lights of trams and omnibuses must 
not be more than is sufficient to enable fares to 
be collected, and all lights except those required 
by paragraph 12 of this Order must be covered 
or extinguished while crossing bridges. 

(11) The use of powerful lamps on motor and 
other vehicles is prohibited. 

(12) Every person who shall cause or permit 
any vehicle during the period of half an hour 
after sunset and half an hour before sunrise, to 
be in any street, highway, or road to which the 
public have access, must provide such vehicle 
with a lamp or lamps in proper working order 
and so constructed and capable of being so 
attached as when lighted to display :—(a) to 
the front a white light visible for a reasonable 
distance. If only one lamp is provided for this 
purpose, it must be placed on the off or right 
side of the vehicle ; (6) to the rear a red light 
visible for a reasonable distance. If only one 
light is provided for this purpose, it must be 
placed on the off or right side of the vehicle and 
in such a position that the red light is visible at 
a central point immediately behind the vehicle. 

Every person driving or being in charge of 
any such vehicle during such period aforesaid 
must keep such lamp or tamps properly trimmed, 
lighted and attached. 

For the purpose of this Order, the word 
‘* vehicle ”’ shall include any bicycle, tricycle, or 
velocipede, and any vehicle drawn or proplleed 
by hand. 

(13) Subject to the foregoing provisions of 
this Order, all bright external lights and all 
aggregations of lights are prohibited, except in 
such circumstances and under such conditions 
as may be approved by the Commissioners of 
Police of the Metropolis and of the City of 
London in their respective jurisdictions. 


EMERGENCY INSTRUCTIONS. 


(14) In case of a sudden emergency, all 
instructions given by the Admiralty, as to the 
further reduction or extinction of lights, must 
be immediately obeyed. 

This Order shall apply to the City of London 
and the whole of the Metropolitan Police 
District, and except as otherwise provided in 
paragraph 12, to the period from 6 p.m. till 
sunrise. 

This Order shall take effect on October 1, 
1915, and shall be in force until revoked or 
amended by further Order. 

The Order of July 31, 1915, is hereby revoked 
as from October 1, 1915, without prejudice, 
however, to any proceedings in respect of 
contraventions of that Order. 


JOHN Simon. 
One of His Majesty’s Principal 
Secretaries of State. 
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Improvement in Street Illumination. 


During the last few days, as a result 
of the Order summarised on the previous 
page, the darkening of the streets of 
London has been carried to such a stage 
that traffic by night was becoming a 
matter of considerable difficulty. Now 
several concessions are to be made, and 
an improvement in the lighting of the 
streets is taking place. It appears that 
the Metropolitan local authorities have 
received instructions that lamps in use 
must be darkened for two-thirds of 
their length and the remainder of the glass 
frosted over. The new arrangement 
appears to have in view an equalisation 
of the lighting. It is expected that about 
sixty per cent. of the lamps will be lighted 
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and others held in reserve for any 
emergency, for example in the case of fog. 
During the actual continuance of fog, 
flare lights will be permitted at dangerous 
points. 

No doubt the plan of frosting the lower 
parts of the lamps will have the effect 
of spreading the light somewhat, so that 
the parts of the street most remote from 
the lamps will receive more illumination, 
and the severe contrast between the 
brightness immediately under lamps and 
the dense obscurity in between them will 
be lessened. 

Another practice which is now being 
recommended is the whitening of the 
kerbs at street corners, refuges, &c., 
which should be of considerable help, 
both to drivers and to pedestrians. 








AIDS TO TRAFFIC IN AMERICA. 


In the cities of the United States the 
question of guarding against traffic 
accidents in the streets is receiving special 
attention, and a number of ingenious 
devices are being tried. According to 
Popular Mechanics a special form of 
danger signal is now being put up on 
street corners in order to warn motorists 
of the approach of tramcars, in cases 
where the view is obstructed by buildings, 
fences, trees, &c. An iron post carries a 
special illuminated sign bearing the 
word “danger” in red letters. It also 
carries plates on which names of the roads 
meeting at the corners are indicated. 

The most ingenious novelty, however, 
is an electrically controlled propeller- 
shaped device mounted at the extreme 
top of the post which automatically 
oscillates whenever a car is nearing the 
crossing. By this means the motorist 
receives warning in good time and can 
reduce his speed. 

There is also another device intended 
for the convenience of men engaged in 
trimming arc lamps about to be lowered 
to the pavement. This consists of a 
square sign carrying a red disc on a white 


background and mounted on a tripod. 
Before commencing operations the trim- 
mer places this sign underneath the lamp 
to be lowered, thus giving warning to 
approaching vehicles to avoid this spot. 
As soon as the work is finished the port- 
able sign is removed and carried on to the 
next lamp. 


MOTOR CAR RACES AT NIGHT. 


A RECENT issue of Popular Mechanics 
contains an account of the artificial 
illumination of a motor car racing track 
in the United States, so as to enable high 
speed contests to take place during the 
night time. The course, one mile in 
length, was illuminated by a series of 
185 double-burner lamps each capable of 
producing 1200 candle-power. These 
lamps were mounted on both sides of the 
track, and the illumination was assisted 
by arranging a white canvas wall 10 ft. 
high round the outside of the track. 

In this way the racing cars were seen 
silhouetted against a white background. 
It is said that the contrast between the 
brilliantly illuminated track and the 
dark surroundings accentuated the im- 
pression of speed. 
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TESTING THE GLOSS OF PAPER AND OTHER 
MATERIALS. 


An interesting note on the above 
subject is contained in a Report recently 
presented by the British Association 
Committee on School-books and Eyesight.* 

It is remarked that widespread efforts 
are being made to secure the fulfilment 
of the Committee’s recommendations in 
regard to books for young children. 

Among other points the quality of 
paper deserves consideration. The Report 
also deals with the problem of testing 
the gloss of papers, and describes an 
instrument originated by Mr. A. P. 
Trotter for this purpose. The history of 
this instrument is as follows :— 

Dr. Louis Bell, in the course of a visit 
to the offices of THe ILLUMINATING 
ENGINEER in May, 1914, suggested the 
desirability of constructing an instrument 
by which the gloss of paper, particularly 
that of school books, could be measured. 
Accordingly, an interview with Mr. A. P. 
Trotter and Mr. Haydn T. Harrison, who 
were also interested in the subject, was 
arranged, and subsequently an experi- 
mental instrument was designed and was 
constructed in Mr. Haydn Harrison’s 
laboratory. It was afterwards modified 
after some experimenting by Mr. Trotter, 
and was submitted to Mr. G. F. Daniell, 
Secretary of the Committee of the British 
Association on “ The Influence of School- 
books upon Eyesight.” A greatly im- 

‘ proved instrument was made by Messrs. 
R. and J. Beck, and with this Mr. Trotter 
tested the paper of a number of journals 
and school books in June, 1914. 

The scale of the instrument and the 
mode of describing the amount of gloss 
has been the subject of a good deal of 
consideration, and the final method 
adopted is due to Mr. G. F. Daniell. 





* School-books and Eyesight.—Report of the 
Committee, consisting of Dr. G. Auden 
(Chairman), Mr. G. F. Daniell (Secretary), 


Mr. C. H. Bothamley, Mr. W. D. Eggar, Pro- 
fessor R. A. Gregory, Mr. N. Bishop Harman, 
Mr. J. L. Holland, Dr. W. E. Sumpner, Mr. 
A. P. Trotter, and Mr. W. T. H. Walsh, appointed 
to inquire into the Infiuence of School-books 
upon Eyesight, presented at the British Associa- 
tion Meeting, Manchester, 1915. 





It may be remembered that some time 
after this gloss-tester had been made, a 
description was published of an American 
instrument which depends on the use of 
polarised light. 


We take the following account of the 
instrument from the Report kindly sent 
us by Mr. Daniell :— 


Investigations have been made during 
the last two years in order to obtain 
an objective measurement of the gloss of 
paper, and the Committee is indebted to 
Mr. A. P. Trotter for designing a new 
form of gloss-tester, and for carrying out 
tests with books and writing-papers used 
in schools. 


The Committee observes :— 


(1) That glossiness of paper depends 
mainly on specular reflection, 7.e., reflec- 
tion as from polished metals; such 
reflection is apt to interfere with binocular 
vision. The ideal surface for books 
would exhibit no specular reflection ; 
all the reflected light would be scattered 
or diffuse reflection, equal in all directions 
and independent of the direction of the 
incident beam. Such absence of gloss 
is realisable in any fine white powder, 
such as magnesia, but not in printing 
papers. No harm to eyesight is, how- 
ever, likely to accrue if the specular 
reflection is not excessive; hence the 
proportion of specular to diffuse reflection 
affords a suitable index of the glossiness 
of paper. 

(2) That a large proportion of school- 
books and writing-papers are  satis- 
factorily free from glare at angles of 
incidence not exceeding 45 degrees. In 
most of these satisfactory books the 
specular reflection does not exceed the 
diffuse reflection when the light is incident 
at 45 degrees, the paper being viewed 
from the direction of the corresponding 
specularly reflected rays. 


(3) That when the specular reflection 
exceeds 56 per cent. (the diffuse reflection 
being then less than 44 per cent.), there is 
likely to be injurious glare. The risk is 
greater if the book is read in artificial 
light. 

The Committee therefore hopes that 
publishers will select for school-books 
papers from which the specular reflection 
at 45 degrees does not exceed the diffuse 
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reflection. Books in which the specular 
reflection exceeds 56 per cent. of the total 
reflection (specular plus diffuse) must 
be regarded as potentially injurious to 
eyesight. 

Writing-paper for school use should not 
give more than 54 per cent. specular 
reflection at 45 degrees, since young 
writers often look obliquely at the paper. 

The Committee finds that coloured 
maps can be produced without extra 
expense or difficulty on paper conforming 
with the above rules. fn some instances 
the effect of using suitable paper has been 
spoiled by the use of glaze in the colours 
or inks. The glossiness of paper is 
greatly influenced by the extent and 
particular method of calendering, and it 
is suggested that careful control of 
calendering will assist in obtaining the 
desired hardness and the even surface 
— without introducing pernicious 
gioss. 
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and opposite angle of 45 degrees. The 
effect of the gloss is then a maximum. 
He can also observe it from a direction 
nearly parallel with the incident light. 
The effect of the gloss is then a minimum. 
The instrument provides means for 
making these two brightnesses equal, and 
for comparing them. 

The instrument consists of a box 15 
inches (300 mm.) long, 8 inches (203 mm.) 
wide, and of about the same height. 
In the bottom there is an opening 33 
inches (85 mm.) by 1} inches (44 mm.). 
The box may be laid on the page of an 
open book, and the part of the paper 
seen through the opening becomes the 
specimen to be tested. 

A small electric lamp carrying a pointer 
can be moved on a slide between two 
mirrors A and B. The lower part of the 
box is divided by a thin partition. Half 
of the specimen is illuminated from one 
mirror and half from the other. Two 
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Guioss Trstina. 


Mr. Trotter’s description of his gloss- 
tester is subjoined at the request of the 
Committee, since the recommendations 
in this Report require that some standard- 
ising instrument should be available. 


An INSTRUMENT FOR TESTING THE GLOSS 
ON PAPER AND OTHER MATERIALS. 


The principle of the method is to 
illuminate a meee of the paper or 
other material by light falling on it at an 
angle of, say, 45 degrees. The observer 
can examine the brightness of the speci- 
men from a direction making an equal 





eye-tubes are arranged at a and b for 
observing the specimen, the view being 
obtained alongside the edge of a mirror. 
In each eye-tube there are a pair of acute- 
angled prisms edge to edge, by which the 
view of the thin partition may be cut out 
of view. 

Let 100 be the total brightness, d the 
diffused brightness, and s the specular 
brightness. 100=d+s. The pointer 
attached to the lamp moves over a scale 
graduated from the formula 


x=(10—v/ 100—s)L /2(10 + / 100—s) 
where « is a length on the scale measured 
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from the middle point, s the specular 
brightness at 45° expressed as a per- 
centage of the total brightness, and L the 
total length from the middle point of the 
opening through which the specimen is 
seen, to One mirror, across to the other 
mirror, and back to the middle point of 
the opening. 

The whole instrument is_ bilaterally 
symmetrical, and, when the mirrors 
are properly adjusted, observations made 
from either end should give readings 
equidistant from the middle of the 
scale. 

When a flattened layer of fine white 
powder, such as ordinary whitening, is 
tested, it is found practically free from 
gloss. In other words, the reflection is 
wholly diffusive, and there is no specular 
reflection. The brightness of the two 
halves is identical when the illumination 
is identical. The pointer is at the middle 
of the scale when the specimen is viewed 
from either end, and indicates s=o, the 
total brightness consisting only of 
diffused brightness d. 

If a sheet of paper is tested in this way, 
and is observed through eye-tube a, the 
brightness of the half illuminated by 
reflection from the mirror B will be due 
to the sum of the diffused brightness d 
and of the partial specular brightness s. 
The brightness of the half illuminated 
by reflection from the mirror A is due to 
diffused brightness only. The lamp must 
therefore be brought nearer the mirror A 
to make the brightness of the two halves 
equal. If, when a balance has been 
obtained, the pointer stands at 66.6, 
this means that the brightness viewed 
from a direction nearly parallel to the 
direction of observation consists of bright- 
ness s due to specular reflection, which is 
twice the brightness d due to diffused 
reflection, and, therefore, 66.6 per cent. 
of the total brightness. As a check, an 
observation may be made through the 
other eye-tube. 

When the specular brightness is more 
than 70 per cent. of the total brightness 
an imperfect image of the source of light 
begins to be formed. A bright glistening 
patch appears on one half of the specimen, 
and it becomes difficult to match this 
accurately with the brightness of pure 
diffused reflection. For this reason the 
method in its present form is not applic- 
able to materials having a pronounced 
gloss. 

In adjusting the instrument it is laid 


427 


on @ mirror. The lamp is seen by 
reflection on one side of the partition, 
and when the lamp is moved it ought to 
appear to approach to or to recede from 
the eye in a straight line. The instrument 
should be used in a darkened room. 
The constancy of the candle-power of the 
lamp is immaterial; but it is advisable 
to use an evenly frosted bulb, as other- 
wise the asymmetry of the filament may 
introduce errors. The surface under- 
going test should be quite flat. 

A millimetre scale may be substituted 
for the percentage scale. | The percentage 
of specular brightness af 45°, when the 
pointer is x millimetres from the middle 
of the scale, is then given by 


s=200La /(4L +2)?. 


Mr. Trotter has also placed at our dis- 
posal the results of a series of tests on the 
glossiness of paper used by various news- 
papers and periodicals. It is gratifying 
to see that the paper used in this journal 
is placed first on the list, as approaching 
nearest to a truly matt surface. 

Percentage 
of Specular 
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SEMI-INDIRECT LIGHTING IN A SMALL 
DRAWING-ROOM. 


THE pictures on the opposite page 
illustrate the application of semi-indirect 
lighting in a modern drawing room. 
During the last few years this system of 
lighting has come to be considered very 
favourably for domestic lighting especially 
in cases where the occupant prefers 
a soft and restful effect. The impression 
produced in this case is very pleasing, 
The general illumination is derived from 
metal filament lamps in alabaster bowls 
and, as will be seen, the illumination is 
quite sufficient to enable all the surround- 
ing objects to be seen without effort. 
A measurement (taken in a horizontal 
plane 1 metre above the floor) showed 
values of illumination from 0.75 in the 
corners of the room, up to 2—2.5 foot- 
candles immediately under the lamps. 
However, with a view to providing 
special local illumination and decorative 
effects, there is a liberal allowance of plugs 
round the room; some of which are 
utilised for the two candlesticks on the 
mantelpiece seen in Fig. 1, and for the 
small table lamp shown in the corner on 
the right of Fig. 2. These extra lights 
serve to give that slight additional local 
effect which is often desirable with 
indirect and semi-indirect lighting. 

Another example of the utility of plugs 
for local lighting is provided by the 
arrangements made for illuminating the 
music on the piano. The necessary illu- 
mination (amounting to 3—5 _foot- 
candles is provided by a lamp mounted 
ia a Holophane Uniflux reflector, and 
fixed on the wall to the left of the piano- 
forte. The outlines of this reflector 
can be seen on the extreme left. It 
completely screens the lamps from the 
players’ eyes, and throws a strong and 
uniform light on the music. 

The other illustration shows a small 
writing room where the main illumination 
is again furnished by a semi-indirect unit 
close to the ceiling. Here again any ten- 
dency to “ flatness” has been counter- 
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acted by the use of a charming silk 
covered table lamp, ornamented with a 
Chinese pattern. The photograph will 
give a good idea of the appearance of this 
unit, but naturally cannot do justice to 
the colours of the silk which are also 
useful in giving a more lively effect. It 
may be mentioned that the pattern on 
this silk was specially designed and hand- 
painted, in order to harmonise with the 
pedestal containing the lamp. 














Lumina Bureau Photo. 

Fic. 3.—Small writing room. The general 

illumination is provided by the semi-indirect 

unit near the ceiling. The table is lighted 

by the charming silk portable lamp seen on 
the right. 


The local illumination on the desk was 
measured and found to be about 3} foot- 
candles. 

In all these rooms the avoidance of glare 
has been a special feature and they may 
serve as an example of domestic lighting 
which is subdued, and yet at the same 
time strikes the right note of cheerfulness 
and comfort. 
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Fic. 1.—Showing semi-indirect fitting and candle-units on mantelpiece. 
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Lumina Bureau Photo. 


Fic. 2.—Another view of the same room, showing the special device for 
illuminating the music at the piano. 


Semi-indirect Lighting in a Drawing Room. 
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ILLUMINATING ENGINEERING AS A 
BRANCH OF TECHNICAL 
INSTRUCTION. 


A PAPER on this subject was recently 
read before the Illuminating Engineering 
Society in the United States by Prof. 
C. E. Clewell, and a number of other 
professors, who have been responsible for 
the organisation of courses of instruction 
on this subject, took part in the discus- 
sion. Prof. Ciéwell mentioned that a 
committee of the Society has been engaged 
on a campaign to promote the study of 
illuminating engineering as a_ specific 
branch of instruction at colleges. In 
addition efforts are being made to intro- 
duce fuller instruction on illumination 
into the curriculum of architects, muni- 
cipal engineers, and others who have to 
consider lighting in the course of their 
professional work. 

Among the most interesting courses 
mentioned is that arranged by Prof. Scott 
at the Sheffield Scientific School of Yale 
University. It was felt that lectures by 
themsel\ cs do not suffice for instruction 
in this class of work. The students were 
also encouraged to study for themselves 
existing lighting installations and to be- 
come, familiar with the practical applica- 
tions of light by noting any defects and 
suggesting improvements. For example, 
during one week students were set to 
study the lighting of show windows 
throughout New Haven, and to report 
specifically on instances of good and bad 
lighting which had come under their 
observation. In another case the 
students were asked to draft a statement 
of the lighting in their study rooms, and 
to prepare plans, showing the arrange- 
ments of lamps, etc. Some of the com- 
ments quoted by Prof. Clewell show that 
this practice has been most useful in 
developing a critical faculty on the part 
of students. Discussions have also been 
organised at various times, when members 
of the Illuminating Engineering Society 
were invited to come down and address 
the students. At Pennsylvania Uni- 
versity a special feature has been the 
course on Illumination for graduate 
engineers, in which the solution of various 
practical problems, assisted by measure- 
ments of illumination, has been system- 
atically mapped out. 
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In the majority of cases lectures 
on illuminating engineering are regarded 
as a useful element in the course of in- 
struction, and, although the methods vary, 
lighting now forms an integral part of the 
course of study of most colleges in the 
United States. 


In the course of the discussion Mr. 
Norman Macbeth pointed out that in the 
year 1913 the sales of lighting equipment 
in the United States amounted to over 
$65,000,000, and the sales of energy from 
central stations to over $300,000,000. 
When, in addition, the money spent on 
gas and other methods of lighting is borne 
in mind, the opportunities of illuminating 
engineering and the need for systematic 
education in this subject are evident. 


GAS LIGHTING IN A WOODWORKING 
SHOP. 


In our August issue we gave examples 
of factory lighting by gas in the district 
of the South Metropolitan Gas Co., to 
whom we are also indebted for the par- 
ticulars of the lighting of the workshop 
shown herewith. 


Fig. 1 is a view of the carpenter’s shop 
in Messrs. Patterson and Edwards, 
lighted by a series of low pressure burners 
in globes over the benches, where an 
illumination of 3°5—5 foot-candles was 
measured. The illumination in the gang- 
way (measured 18 in. above floor) is given 
as 2°04 foot-candles. 


In Fig. 2 we have the Assembling and 
Finishing Shop. On the benches here 
values ranging from 4°66—6°33 foot- 
candles were recorded, in the gangways 
4°5 foot-candles. 


These figures, like those given in the 
previous article, are probably typical of 
many workshops lighted by low pressure 
gas. The illumination provided is pre- 


sumably quite sufficient for this kind of 
work, and agrees with that suggested by 
other authorities, while the values given 
for other parts of the room are well above 
that generally considered requisite in the 
interests of convenience and safety. 
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Fic. 2.—Assembling and finishing shop ; low pressure lamps in globes 
over the benches. 


Gas Lighting in a Woodworking Shop. 
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A NOVEL CEILING FITTING. 











Tue Beuttell ‘“ Sunburst” Fitting, 
shown above, is a decidedly ingenious 
device for imitating the “ lantern lights,” 
to which architects attach considerable 
importance in planning the access of day- 
light into buildings. A certain amount 
of overhead lighting is essential in almost 
all rooms, and it is also desirable that the 
light should come from an extended area. 
In these circumstances the rays do not 
strike the desks and tables at an unduly 
oblique angle, and the fact that the rays 
from a skylight come from a considerable 
luminous area helps to prevent incon- 
venient shadows. 


Various attempts have been made 
to reproduce this effect artificially. By 
using indirect and semi-indirect methods 
the ceiling can be made into an extensive 
illumination, and soft shadows obtained. 
But it is more difficult to imitate the 
effect of transmitted light coming through 
a glass window. If proper arrangements 
are made at an early stage in the design 
of the building, apertures can be made 
in the ceiling and lamps concealed behind 
diffusing glass. In some installations in 
the United States (for example in the 
Pittsburgh Alleghany Memorial Build- 
ing) this method has been used very 
extensively and with good results. But 


it cannot be applied to an existing ceiling 
without extensive alterations. 

The “Sunburst ’”’ fitting is contrived 
on a different plan. It consists in a 
specially shaped matt white surface, 
illuminated by concealed tubular lamps 
in reflectors on the Beuttell system. 
The illuminated surface thus becomes a 
source reflecting the rays of light into the 
room through an appropriate glass panel. 
Naturally a certain amount of light is 
absorbed in the process, but, it is stated, 
not more than would result from the 
necessary use of heavy diffusing glass 
with lamps above. The illustration shows 
a fitting of this kind, the tubular lamps 
being concealed by an appropriate metal 
moulding which can be shaped and 
painted to harmonise with the other 
features of the ceiling. The standard 
equipment for a fixture measuring 3 feet 
6 inches along each edge, with a leaded 
glass panel 2} feet square, is four 60-watt 
tubular lamps, each fitted with a suitable 
strip reflector. 

The same principle has been applied to 
signs, the surface illuminated by tubular 
lamps and strip reflectors replacing the 
usual distribution of tungsten lamps 
behind white glass. The illumination 
appears to be much more even and the 
number of lamps required to produce a 
given illumination is considerably reduced 
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TOPICAL AND INDUSTRIAL SECTION. 


—1ee@ Geom 


[At the request of many of our readers we have extended the space devoted to 
this Section, and are open to receive for publication particulars of interesting 
installations, new developments in lamps, fixtures, and all kinds of apparatus connected 
with illumination. 

The contents of these pages, in which is included information supplied by the 
makers, will, it is hoped, serve as a guide to recent commercial developments, and we 
welcome the receipt of all bona-fide information relating thereto.] 

















Lumina Bureau Photo, 


Incandescent Oil Lighting in a Workshop. 


This workshop is lighted by Blanchard lamps, and illustrates the ease with which 
emergency lighting can be obtained with this system. The lamps are quite 
self-contained and portable, and are easily hung from walls and rafters where- 
ever they are needed. 








WANTED—EXPERT IN MANUFACTURE OF METAL FILAMENT LAMPS, 


Expert in manufacture of metal filament lamps (half and one watt) wanted to 
organise and develop factory in London. Adequate remuneration will be paid to man 
having necessary qualifications. State in confidence full particulars of age, experience, 
salary required. Inquiries should be addressed—A.B., c/o The wines in Engineer, 
82, Victoria Street, London, S.W, 
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GLASS-MAKING AT THE EDISWAN 
WORKS. 


WE were recently afforded an oppor- 
tunity ot visiting the Glass Works of 
the Edison & Swan United Electiic 
Light Co., Ltd. at Ponders End, where, 
during the last year, considerable progress 
has been made, two new 10-pot glass- 
houses having been built. We were 
given to understand that the firm has 
always been able to cope with the demands 
for glass bulbs, and can now, with their 
increased plant, continue to make the 
whole cf their requirements of bulbs, tube, 
etc., which is required for the making of 
an electric lamp. 


These glass-houses are centrally heated 
by solid fuel: the pots or crucibles for 
containing the charge for making the 
glass aie fitted into the furnace at 
intervals, according to the capacity of 
the furnaces, those at Ediswan being 
built, two to contain 10 pots, one 8 
pots and the othe: 6 pots or crucibles. 


The making of these pots requires con- 
siderable skill, and can only be under- 
taken by one who has served a good 
apprenticeship to the trade, as the whole 
process depends on the operator knowing 
the quality and also when the clay is in 
the right condition or properly tempered 
for the work. 


After the pot is completed it wants at 
least a year to dry and get seasoned 
before it is ready for use. This part of 
the business the Ediswan Company 
have certainly arranged for, as we 
were shown a room which has_ been 
specially built for pot-making. In 
Fig. 1 are shown the men turning and 
treading the clay with their bare fest, 
so as to temper it ready for the pote 
maker. Fig. 2 shows the pots in course 
of construction, while Fig. 3 shows a 
complete room full of finished pots, 120 
in all. 


It will readily be understood that the 
dimensions of each must be as nearly 
accurate as possible, and that the mould- 
ing to the correct shape requires con- 
siderable skill and patience. 
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During our visit we were also fortunate 
in seeing, what in the glass trade is called 
“pot setting,” or the putting of a new 
crucible into the furnace. The new pot 
has in the first place to be put into the 
pot arch, or subsidiary furnace, to be 
gradually brought up to the heat of the 
furnace, or as near to that as possible. 
This takes at least a week as, should 
there be any undue haste, the pots 
would break in the bringing up; very 
great care must therefore be bestowed on 
this part of the business. 

When all is ready the brickwork 
surrounding the old pot in the furnace is 
knocked down and cleared away; then 
the old pot is withdrawn from the furnace 
on a long forked carriage, and run out 
of the shop. Next, any repairs round the 
fireplace or eye of the furnace have to 
be made good by the insertion of large 
pieces of wet clay and fire brick, which 
are patted down level by the aid of a 
long paddle or trowel, after which the 
furnace is ready to receive the new pot. 
This is brought from the pot arch 
on the forked carriage, put carefully 
into position, and bricked up in front 
and over the top to make good what 
was knocked down to take the old 
pot out. 











Fic. 3.—Room full of completed pots, 
120 in number. 


As the whole of this operation has to 
be done with the furnace going at its 
highest heat it will be easily understood 
that it is a very delicate operation. 
Should, any flaw occur, the new pot may 
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Fic. 1.—Men treading down the clay with bare feet, preparatory to 
moulding the pots. 


be broken, and there is also great danger, 
if the operation is prolonged, of the 
furnace getting too cold and the whole 
of the pots in the furnace breaking. 
When one remembers the great heat 
which is radiated from the furnace and 
endured by the men, the speed at which 
the whole operation is carried out is 
remarkable. 

After about twelve hours in the furnace 


the pot is ready to be glazed and cleaned 
out with a large ladle, when it is ready 
to receive its first charge, and in 48 hours 
from the time of setting the glass-blowers 
are making glass bulbs from the contents 
of the next pot. 

In addition to the glass-making the 
firm are making the caps for the lamps 
on the premises, so that the whole Jamp 
is manufactured in the one factory. 





Fic. 2.:—Showing pots in course of construction. 
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G.E.C. FITTINGS ACCESSORIES FOR 
ELECTRIC LIGHT. 


In our last issue we referred to the new 
Fittings Accessories catalogue of the 
General Electric Co., Ltd. On the oppo- 
site page we now reproduce a few of the 
most interesting units therein. These 
have been selected as dealing with two 
sections of lighting which are naturally 
interesting the public very much just 
now—the illumination of streets and 
show- windows. 


The first two illustrations (Figs. 1 and 
2) show new designs for street-lighting 
units which are specially contrived to 
meet the difficult requirement of pro- 
viding even illumination between the 
lamp posts. The lantern shown in Fig. 1 
utilises the new Holophane unit, which 
has been described before in these 
columns, and is specially intended for 
street-lighting. The prisms are designed 
with a view to producing the correct polar 
curve, and at the same time avoiding ex- 
cessive glare. A special point is the 
ingenious juxtaposition of two separate 
glass envelopes by which smooth inner 
and outer surfaces are obtained, thus pre- 
venting inconvenient lodgments of dust 
and grit, such as are apt to o cur in the 
open, and facilitating cleaning. 


The second illustration shows the use 
of a reflecting cone in the interior of the 
globe, which likewise serves the purpose 
of accentuating the light in those regions 
of the street most remote from the lamp, 
and evening up the illumination on the 
pavement. 


Figs. 3 and 4 show types of mirror-glass 
reflectors, which are invaluable at the 
present time for window lighting. The 
aim in both cases is to illuminate the 
goods by concealed light, thus enabling 
the consumer to meet more easily the 
requirements of the authorities in war 
time, and at the same time to get the best 
results from the illuminating engineering 
standpoint. In view of the increasing 
strictness of the regulations such devices 
deserve attention. 
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ILLUSTRATED BOOKLET OF HOLO- 
PHANE INSTALLATIONS. 


Holophane Limited have just recently 
issued a new Illustrated Handbook, com- 
prising a series of reproductions of photo- 
graphs of actual lighting installations 
made with the Holophane System of 
Tilumination. 


The book is divided into sections accord- 
ing to the class of building dealt with. 
For instance, there are separate sections 
relating to Churches, Public Buildings, 
Railways, Private Houses, Banks and 
Offices, Industrial Lighting, &c. 

The object of the book is to show that 
the Holophane System of Illumination is 
capable of being adapted to any class of 
building or style of architecture, and 
there is no better method of doing this 
than by illustrating photographs of 
actual installations. 


Although Holophane Glassware is often 
éhosen on account of its scientific design 
and because of the economies it achieves, 
the appearance of the units is also an 
important consideration. In the lighting 
of the fine interiors it is necessary to select 
fittings and glassware which harmonise 
with the general scheme of decoration, and 
have a dignified and impressive appear - 
ance. Its qualities in this respect have led 
to Holophane Glassware being widely used 
in many important public buildings and 
interiors of architectural distinction. We 
need hardly add that the illustrated book 
is one which electrical contractors and 
architects would find very useful for 
reference purposes, as well as being highly 
instructive. 


—--- O———_ 


PODMORE SPECIALITIES. 


WE have before us a reprint of a booklet 
issued by A. E. Podmore & Co., Ltd. 
(Charles Street, Hatton Garden, London), 
describing various gas units which were 
exhibited at the National Gas Exhibition 
at Shepherd’s Bush in 1913. 


The list includes both indoor and out- 
door units, a special feature being the 
strong and durable construction of the 
lamps and the complete means of adjust- 
ment provided. We notice particularly 
a 3-light fitting using an opal reflector 
which appears well suited for school work 
—a branch of lighting of which this firm 
have made a speciality. 
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Fic. 2.—Another Street Lighting Globe 
designed to give even illumination for 
street lighting. The opal glass cone 
seen at the base of the globes serves 
the purpose of deflecting rays to the 

Fic. 1—-The “County” Lantern, containing parts of the street most remote from 
special Holophane unit for half-watt lamps, the lamp. 
designed to give more uniform street 





illumination. 








Fic. 4.—Special Shop-window Reflector concealing the lamp from 
the eyes of people in the street and strongly illuminating 
the goods, 


Some G.E.C, Fittings Accessories. 
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HEATING, LIGHTING, AND COOKING 
EXHIBITION. 


Durine the week from October 4th— 
9th an interesting Exhibition dealing with 
heating, lighting, and cooking was 
organised in London by the Institute of 
Hygiene. 


The rooms of the Institute were fitted — 


up in an agreeable manner, and demon- 
strations of Cooking, Bread and Cake 
Making, &c., took place each day through- 
out the week. An item of considerable 
topical interest was the instruction given 
in preparing English, Scotch and Irish, 
French, Russian, Italian, and Belgian 
Dishes, which proved most attractive to 
numerous lady visitors. Gas cookers and 
heaters of various kinds were also shown 
in operation. 

Some highly educational cinemato- 
graph films were also shown, most of them 
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dealing with hygienic and sanitary 
matters. Lectures were delivered by :— 

Mrs. Cloudesley Brereton (‘“‘ Domestic 
Heating ’’). 

Dr. R. King Brown (‘‘ Heating and 
Health ’’). 

Mr. Leon Gaster (‘‘ The Use and Abuse 
of Light ’’). 

Mr. Herman Senn (“Economy in 
Cooking ’’). 

Mr. Gaster’s lecture dealt in a popular 
manner with the fundamentals of prin- 
ciples of good lighting, special reference 
being made to the need for good illumina- 
tion in the home in the interests of the 
children, the lighting of schoolrooms, and 
the work recently carried out by the 
Departmental Committee on the Lighting 
of Factories and Workshops. 

The lighting of the rooms was carried 
out by a series of up-to-date Holophane 
gas units, with distance control. 








THE CHANGE IN IDEALS FOR 
VENTILATION. 


An instructive article on this subject 
was recently contributed to the August 
issue of School Hygiene by Dr. James 
Kerr, who summarised much of the care- 
ful research work that has been done on 
this subject during recent years. 


As ventilation must so often be con- 
sidered simultaneously with lighting, we 
make no apology for referring our readers 
to this matter. 

Among the most important points 
emphasised by Dr. Kerr, we may mention 
the recognition that the carbon dioxide 
and other small impurities in the air are 
of little consequence in comparison with 
the organic matters given off in respira- 
tion. Dr. Kerr also points out that in 
planning school buildings, heating and 
ventilation should be considered as 
separate subjects, and that there is fre- 
quently confusion between the two. In 

rticular, he lays stress on the desira- 
bility of heating by radiation, remarking 
that ‘“‘the chief part of the heat distri- 
bution in the rooms of the building should 
be by other means than the air.”’ 
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Accident Fire and Life 
Assurance Corporation, Limited 


Assets Exceed - £2,500,000. 
Clatms Paid Over £7,000,000. 


SPECIAL FEATURES: 


ACCIDENT INSURANCE 


Liberal Benefits and Conditions. 
Low Premiums. 


FREE FIRE INSURANCE 


Every Sixth YEAR TO PRIVATE PROPERTY 
Owners AND HovuseHoLpers. 


THREE POPULAR POLICIES 


Of Life Assurance, with Various Options 
All Classes of Insurance Business Transacted 


CHIEF OFFICES: 

General Buildings, Perth, Scotland. 
General Buildings, Aldwych, London. 
General Manager - F. Norre-MILzer, iP. 
Notz.—The Bonds of the Corporation are 
accepted by all Departments of 

His Majesty’s Government. 
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COUPON INSURANCE TICKET 
Applicable only within the United Kingdom. 


GENERAL 


ACCIDENT FIRE AND LIFE 
ASSURANCE CORPORATION, LTD., 


Chief Offices— 
GENERAL BUILCINGS, PERTH, SCOTLAND. | 
GENERAL BUILDINGS, ALDWYCH, LONDON, W.C. 
F. NORIE-MILLER, J.P., General Manager, 
To whom Notice of Claims under the following conditions must be sent within 
seven days of accident. 








$950 TWO HUNDRED AND FIFTY POUNDS will be paid by the above Corporation to 
the legal personal representatives of any person who is killed by an accident causing 
matcrial damage to the passenger train in which the deceased was travelling as a ticket 
bearing or paying passenger, or who shall have been fatally injured thereby, should death result 
within one calendar month after such accident. Provided that the person so killed or injured 
had upon his or her person, or had left at home this coupon, with his or her usual signature, 
written prior to the accident, in the space provided below, which, together with the giving of 
notice within seven days to the above Corporation is the essence of ‘this contract. 

This Insurance only applies to persons over 14 and under 65 years of age, is subject to the 
conditions stated above and contained in the General Accident Fire and Life Assurance Corpora- 
tion Act, 1907, and holds good for the current month of issue only. 

No person can recover under more than one Coupon Ticket in respect of the same risk. 


Signature cove Co eveeceeccceccceccecececeecececceeceeeseeeecseececeeseeseececsoeeeeoecoese eee 





This Coupon must not be cut out, but left intact in THE ILLUMINATING ENGINEER as that 
being dated, forms the only evidence of its currency. 
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A NEW B.T.H. LAMP LIST. 


Tose of our readers who have not seen 
the latest Mazda Lamp List are advised 
to apply to Mazda House, 77, Upper 
Thames Street, E.C., for a copy. The 


cover is a good example of fine colouring . 


and the design is pleasing, as will be seen 
by the reproduction shown, which, how- 
ever, naturally gives no idea of the actual 
colour scheme in blue, yellow, and orange. 

Tho information pages of this list are 
well planned, and the illustration of the 
characteristic light distribution of Mazda 


Lamps is an innovation in lists of this kind. 
All the Standard Mazda Lamps are 
illustrated and priced, and a two-page 
sheet, dealing with Mazda Half-Watt 
Lamps, is pasted on at the end. 


“REVO” ELECTRIC FIRES. 
Tue Cable Accessories Co., Ltd. (Britan- 


nia Works, Tividale, Tipton) sends us a 
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pamphlet describing the “‘ Revo ”’ electric 
fires. These radiators are arranged in a 
very compact form. A special point is 
the use of incandescent wire coils in free 
air, and wound on refractory material. 

Among the special advantages claimed 
for the heater are. the rapidity with which 
heat is generated (no time-lag), and the 
special design which diminishes to a 
minimum the heat radiated in a rearward 
direction and projects the rays forward. 
In addition, shock-absorbing apparatus 
prevents the elements of the heater being 
broken in transit. 


*“* SIMPLEX ” SPECIALITIES. 


THIS name includes a variety of patent 
devices of interest to engineers, ship- 
builders, shipowners, &c. (valve re- 
seaters, adjustable steel wire brushes, 
tube scrapers, condenser tube scaling 
machines), which are manufactured by 
Bromell Patents Co., Ltd. (Glasgow). 





